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Abstract:
Introduction: Few things are proven, there are modifiable and non-modifiable factors that could
impact on the health of pregnant women who have Gestational Diabetes Millitus (GDM).
However, case control studies are lacking that explore the modifiable factors and identify which
modifiable factors are associated with GDM.
Purpose : The aim of this study was to identify the modifiable associated risk factors of GDM
among women at 32 to 40 weeks of gestation.
Methodology: A case-control study design was conducted at secondary hospitals for women and
children in Karachi, Pakistan. The data were collected from 100 cases and same number of
controls, through a structured questionnaire. The data was analyzed by means of descriptive and
inferential statistics, using Stata(TM) Version 12.0.
Results: The majority of the study participants had a past history of GDM and had a Body Mass
Index (BMI) greater than 25kg/m2. Most of the participants were graduates or post-graduates.
The results of the study identified that the modifiable factors which were significantly associated
with GDM included household physical activities, transportation related physical activities,
recreational activities (i.e., walking, number of stairs climbed daily), use of fruits and eggs, and
night time sleep duration. Only 12% of the participants reported that they spent greater than or
equal to six hours in recreational physical activities. About one-third (35%) of the participants
reported sleeping more than six hours a night.
Conclusion: The present study identified the association of some modifiable factors with GDM.
There is a dire need to develop preventive strategies that can promote a healthy lifestyle among
pregnant women. Attention should be given to increasing physical activity, promoting a healthy
diet, and having proper sleep. In light of the current study findings, a study with a large sample
size, including multi-center settings, is needed.
Keywords: Modifiable and non-modifiable risk factors, Gestational Diabetes, Pakistan
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Introduction
Gestational Diabetes Mellitus (GDM) refers to glucose intolerance that is identified during a
pregnancy (1). The peak level of glucose is observed in the latter half of the second and third
trimester of pregnancy (2).Gestational diabetes affects about 15% of all pregnancies globally (3).
In the developed countries like, the United States of America (USA), GDM occurs in 7% of all
pregnancies, which accounts for an economic burden of $636 million annually (4). Prevalence of
GDM in developing countries can be high ranges from 1.5% to 24.30% in Vietnam, India, Cuba,
Bangladesh, and Iran (5).
GDM is diagnosed through an Oral Glucose Tolerance Test (OGTT) which includes the
pregnant woman ingesting between; 75 and 100 grams of glucose with test plasma glucose
values measured at set intervals to ascertain its clearance from the blood. According to WHO
(World Health Organization) criteria, the blood glucose level is monitored for two hour duration
that is, fasting blood glucose, one hour and two hours after loading the required glucose. If at
least one of the three values of blood glucose is at an elevated level from normal, the person
would be considered as having GDM (1).

Lifestyle and GDM
A healthy lifestyle behavior includes a healthy diet, exercise, and normal weight, which are
related to the prevention of diabetes mellitus. An unhealthy diet with a high content of fats and
free sugars, and physical inactivity are the leading causes of type II diabetes (6). In developing
countries, the prevalence of diabetes is increasing due to urbanization, easily available fast food
and a sedentary lifestyle (7). Buildup of an extra fat is referred to as being overweight or obese,
which damages the health (6). The problem of being overweight and obese is becoming more
significant in low and middle income countries, mainly in the urban settings. Approximately, 2.7
million deaths occur due to unhealthy diet and 1.9 million deaths due to physical inactivity,
worldwide (6,8). The preventive strategies including lifestyle modification can minimize the risk
of chronic diseases.
A prospective study in the USA showed several modifiable factors, that is, regular
physical activity, healthy diet, and abstinence from smoking, which play an important role in
decreasing the risk of GDM (9). Moreover, BMI (Body Mass Index) ≥ 25 kg/m2 before
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pregnancy increase the risk of GDM (10). Other observational studies revealed that participants
were at high risk of GDM if they were physically inactive (11,12).
Inadequate and poor sleep quality is another modifiable factor related to an increased risk
of GDM. A prospective study conducted in Japan showed that the risk of GDM increased among
those who slept < five hours, as compared to those who sleep seven hours per night (13). Hence,
the risk of GDM can be delayed or prevented by addressing the modifiable factors.

Study Purpose
The aim of this study was to identify the modifiable risk factors associated with GDM among
women between 32 and 40 weeks of pregnancy, at two secondary hospitals (Garden &
Karimabad) in Karachi, Pakistan. Building on the previous studies we hypothesized that there is
an association between unhealthy food intake, physical activity, obesity, sleep quality and
duration, socioeconomic status and GDM (14).

Methods
Study Design, Setting and Sample recruitment
A case control study design was used to identify the modifiable risk factors of GDM. The case
control study design is a form of observational study design that assists the researcher to assess
the association of multiple independent factors with the outcome (15).The current study was
carried out in the Garden and Karimabad secondary hospitals for women, Karachi, Pakistan. Epi
Info7TM software was used to calculate the sample size. The sample size was calculated using a
95% confidence interval, followed by 80% power, with an odds ratio of 4.11 % (16). The highest
calculated sample size was 72 cases and 72 controls. However, to account for potential
participant departure from the study and other risks to sample integrity, final sample size was set
at 200, which included 100 participants for the cases and the same number for controls. The case
and control ratio was kept 1:1 (i.e., one case per one control) as it can increase the result
precision (17). This study was conducted after approval from the Ethical Review Committee
(ERC) of the Aga Khan University Hospital (AKUH) Karachi, Pakistan.
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Inclusion Criteria for Cases and Controls
1. For cases participants were 32 to 40 weeks gestation and diagnosed with GDM;
For Controls participants were 32 to 40 weeks gestation without the diagnosis of GDM.
2. 30 to 49 years old
3. Able to communicate in English or Urdu
4. Voluntarily agree to participate
Exclusion Criteria for Cases and Controls
1. Unable to provide a voluntary informed consent
2. Diagnosed with type I and type II diabetes

Study Variables
Definition of dependent variable
Gestational Diabetes Mellitus
Impaired glucose tolerance diagnosed initially during pregnancy (18).
For this study, it refers to those participants who were diagnosed with GDM as confirmed by an
oral glucose tolerance test.
Definitions of independent variables
Food intake
The food consumption choices of the participants during the pregnancy.
Physical activity
The duration of recreational physical activity, such as walking, and the time spent on exertion
activities during household, transportation, and occupational work.
Obesity
Being overweight is defined as gaining a total weight of 6.8-11.3 kg (15-25 lbs) and a BMI of
30 kg/m2 or greater is considered as obese during pregnancy (6).
For this study, the BMI was calculated at the time of recruitment by the researcher, taking weight
in kilograms and dividing it by height in centimeter square.
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Sleep
It is a condition in which responsiveness to environmental stimuli decreases but, is reversible,
and is associated with different postural positioning, behavioral serenity, and closed eyes (19).
For this study, it refers to self-reported sleep pattern of the study participants.
Socio-economic status
The participants stated the family monthly income according to a given range.
Data Collection Tools
The data for this study were collected through a self-reported questionnaire. A self-reported
questionnaire is a powerfull data collection method as it can collects information about
behaviours directly and can gather the information which occur in past. (20). A demographic
form was developed to gather the information. To collect the data regarding modifiable risk
factors, two questionnaire were adapted and one was developed. To measure sleep and physical
activity questionnaire were adapted, wherease a food intake questionaire was newly developed
by reviewing the WHO guidelines and published literature on GDM (21,22). The developed
questionnaire’s validity was assessed through content validity and pilot testing. The pilot testing
of the questionnaire allows for the face validity of the tool and ensures its relevancy to the
context. This helps the tool’s clarity, completeness, and effectiveness and to measure the time
needed for the completing the tool (23).The documented reliability for the Pittsburgh sleep
quality questionnaire was 0.87 (24).The reliability of the physical activity and food intake
questionnaire were calculated by Cronbach’s alpha. The Content Index Validity (CVI) was
computed with the help of an expert committee. The CVI ratio was 0.83 after the modification.
The calculated value of Cronbach’s alpha was 0.60 for physical activity and 0.57 for food intake
questionnaire, as these tools were modified and newly developed respectively, and were tested
for the first time, to measure physical activity and food intake in Pakistan.

Variables Transformation
A few variables were changed to present the data in a more meaningful way. Initially the age
variable was continuous, but later was grouped into three categories. The income variable was
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initially grouped into ≤ 15,000 pakistani rupees, 15,000-30,000, 30,001-45,000 and >45,000,
which was merged in to three categories; these included ≤ 15,000-30,000, 30,001-45,000, and
>45,000. At the time of study 100 Pakistani rupees were worth 0.58 US$ and 0.54 Euros. The
day time dysfunction was earlier grouped into No problem, A slight problem, Some what a
problem, A very big problem, which was later changed into No problem and slight to very big
problem. The data on time spent on recreational activity, that is, walk, was changed into None to
1.9, 2.0-5.9, ≥6.0, from None, 0.1-1.9, 2.0-3.9, 4.0-5.9, ≥6.0 . The duration of household
exertional activities categories were taken earlier as None, 0.1-1.9, 2.0-3.9, 4.0-5.9 and ≥6.0,
afterwards modified into None-3.9, 4.0-5.9, ≥6.0 . The number of stairs climbed was grouped
before None, 1-4, 5-9 and > 10, afterwards it was merged into None, 1-9 and >10. The data on
vegetables,fruits, eggs and meat intake was categorized as Never, Sometimes, Often, and Mostly.
However, it was changed into Never, Sometimes, Often-Mostly. Moreover, the data on the
comparison of milk, bread, vegetables, fruits, eggs, and meat consumption was categorized into
As Before, More, Less, Stopped Completely, which was turned to As Before, More and LessStopped Complete.

Results
Demographic Profile of the Study Participants
Most of the women, among cases 61% (n=61), and 75% (n=75) of contorls were between 30 and
33 years old, and all were married. The past history of GDM was more common (48%, n=48) in
the case group, whereas, 08% controls had a positive history of GDM. Similarly, family history
of diabetes was more common (74%) in the cases than the controls (65%). The diagnosis of
GDM among the cases was 33%, 07%, 27%, 26%, and 07% in the 4th,5th,6th,7th, and 8th months
of pregnancy, respectively.
The majority of the participants were found to be obese, as almost half of the cases (48%,
n=48) and of controls (50%, n=50) had a BMI higher than 30 kg/m2. Moreover, 44 (44%) cases
and 43 (43%) controls had a BMI of over 25 kg/m2. Most of the participants in the (50%, n=50)
cases and (52%, n=52) controls were graduates or post-graduates and only 26% (n=26) cases and
24%, (n=24) controls had middle to higher secondary education. A number of the cases (41%,
n=41) and controls (40%, n=40) had an average monthly income greater than or equal to 45,000
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Pakistani rupees. Additionally, 38% (n=38) cases and 28% (n=28) controls had an income of
≤15,000-30,000 Pakistani rupees.

Univariate Analysis
This part describes the association of the modifiable and non-modifiable risk factors with GDM.
The univariate analysis was carried out for all predictor variables and the cut-off of P-value for
the significance of the Wald test was kept to ≤ 0.25, so that all the important variables could be
added in the multivariate model. Only those variables have been explained which were found to
be significant in the univariate analysis.
The identified non-modifiable significant factors were: 1) increased maternal age; 2) past
history of GDM; and 3) family history of diabetes. The modifiable significant factors were: low
to middle average monthly income, sleep duration 6-7 hours, and daytime dysfunction. In terms
of physical activity: 1) less time spent in walking; 2) less time spent in extraneous household
physical activities; 3) transportation related physical activities; 4) not performing up to the
desired moderate intensity physical activity; and 5) less than the desired number of stairs to be
climbed were significantly related with GDM. With regards to food intake: 1) consumption of
fruits; 2) utilization of butter; 3) consumption of white bread; 4) red and white meat; 5) full fat
milk and yogurt; 6) fried egg, fresh fruits; 7) fast food; 8) eating less than before during
pregnancy; 9) less consumption of milk, bread and fruits; 10) increased intake of eggs than
before pregnancy; and 11) utilization of certain foods, which included milk, yogurt, and soft
drinks, were statistically linked with GDM.

Table 1: Logistic Regression forDemographic and Non-Modifiable Associated Factors of
GDM among Pregnant Women (30-49 years)
Demographic
Variables and
Associated
factors
Age in years
30-33
34-37
38-41
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Cases
(n=100)
N %

Controls
(n=100)
N
%

OR

CI 95%
Lower Upper

61
(61.00)
34
(34.00)
05(05.00)

75(75.00)

01

16 (16.00)

2.61

(1.10--13.27)

09 (09.00)

0.68

(0.21—2.14)

Wald
test (pvalue)

p-value
χ²

0.00
0.00
0.51
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Past History
of GDM
Yes
No
Family
History of
DM
Yes
No

48(48.00)
52(52.00)

08(08.00)
92(92.00)

10.61
01

(4.66--24.15)

0.00

0.000

74(74.00)
26(26.00)

65(65.00)
35(35.00)

1.53
01

(0.83---2.81)

0.16

0.166

Table 2: Logistic Regression for Demographics and Modifiable Associated Factors of GDM
among Pregnant Women (30-49 years)
Demographic
Variables and
Associated
Factors
Body Mass Index
(BMI kg/m2)
18.50-24.99
≥25.00

Cases
(n=100)
N
%

Controls
(n=100)
N
%

OR

Wald
test (pvalue)

pvalu
e
χ²

08(08.00)
44(44.00)

07(07.00)
43(43.00)

01
0.89

(0.29—2.68)

0.84

0.94

≥30.00
Level of
education
Graduation-post
Graduation
Under graduation
Higher/Secondary
/Middle
At least Primary
Education
Income
<15,000-30,000
30,001-45,000
>45,000

48(48.00)

50(50.00)

0.84

(0.28—2.49)

0.75

50(50.00)

52(52.00)

01

22(22.00 )
26(26.00)

20(20.00)
24(24.00)

1.14
1.12

(0.55—2.34)
(0.57—2.21)

0.71
0.73

0.91

02(00.00)

04(03.00)

0.52

(0.91—2.96)

38(38.00)
21(21.00)
41(41.00)

28(28.00)
32(32.00)
40(40.00)

1.32
0.64
01

(0.68—2.54)
(0.31—1.29)

0.40
0.21

0.14

CI 95%
Lower
Upper

Table 3: Logistic Regression for Modifiable Associated Factors of GDM among Pregnant
Women (30-49 years)
Variables

Cases
(n=100)
N
%

Control
(n=100)
N

OR
%

CI 95%
Lower
Upper

Wald
test
(pvalue)

p-vale
χ²

Associated Factors: Poor Sleep
Sleep quality
Very Good
Fairly Good
Fairly Bad
Very Bad

https://ecommons.aku.edu/jam/vol8/iss2/5

26(26.00)
56(56.00)
14(14.00)
04(04.00)

27(27.00)
59(59.00)
11(11.00)
03(03.00)

01
0.98
1.32
1.38

(0.51---1.88)
(0.50---3.43)
(0.28---6.79)

0.96
0.56
0.68

0.89
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Sleep latency
≤15 min
16-30 min
31-60 min
>60min
Sleep duration
>7 hours
6-7 hours
5-6 hours
<5 hours
Sleep
efficiency
>85%
75-84%
65-74%
<65%
Sleep
disturbance
Not during the
past month
Less than once twice in a week
Three or more
times in a week
Day time
dysfunction
No problem at
all
Only a very
slight problemA very big
problem

32(32.00)
25(25.00)
06(06.00)
37(37.00)

29(29.00)
21(21.00)
08(08.00)
42(42.00)

01
1.07
0.67
0.79

(0.50---2.32)
(0.21---2.19)
(0.40---1.55)

0.84
0.51
0.51

14(14.00)
22(22.00)
39(39.00)
25(25.00)

21(21.00)
12(12.00)
42(42.00)
25(25.00)

01
2.75
1.39
1.5

(1.03---7.29)
(0.62---3.11)
(0.62---3.59)

0.04
0.42
0.36

0.21

44(44.00)
12(12.00)
10(10.00)
34(34.00)

45(45.00)
09(09.00)
15(15.00)
31(31.00)

01
1.36
0.68
1.12

(0.52---3.55)
(0.27---1.67)
(0.59---2.12)

0.52
0.40
0.72

0.66

09(09.00)

11(11.00)

01

31(31.00)

31(31.00)

1.22

(0.44---3.36)

0.69

60(60.00)

58(58.00)

1.26

(0.48---3.27)

0.62

69(69.00)

61(61.00)

01

31(31.00)

39(39.00)

0.70

0.77

0.88

(0.39---1.26)

0.23

0.235

Associated Factors: Physical inactivity
Time spent
during walking
(hr/wk)
None-1.9
2.0-5.9
≥6.0
Time spent in
occupational
Activities
(hr/wk)
None
0.1-1.9
2.0-3.9
4.0-≥6.0
Time spent in
household
activities(hr/wk)
None-3.9
4.0-5.9
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65(65.00)
29(29.00)
06(06.00)

66(66.00)
16(16.00)
18(18.00)

2.95
5.43
01

(1.10---7.91)
(1.79--16.45)

0.03
0.00

89 (89.00)
03(03.00)
04(04.00)
04(04.00)

89(89.00)
01(01.00)
06(06.00)
04(04.00)

01
03
0.6
01

(0.24—4.12)
(0.21---42.62)
(0.10—4.35)

1.00
0.41
0.67

0.69

23(23.00)
33(33.00)

06(06.00)
50(50.00)

3.83
0.66

0.00
0.17

0.00

(1.42—10.32)
(0.35—1.21)

0.00
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≥6.0
Time spent in
transportation
related
activities(hr/wk)
None
0.1-1.9
2.0-5.9
≥6.0
Intensity of
physical activity
None
Light
Moderate
Light to Moderate
Type of physical
activity
Light intensity
activity
Sleeping,
watching TV,
Writing Doing
desk work.
Sleeping,
Watching TV,
Writing, Doing
desk work &
walk. <150
None
Moderate
intensity activity
Home exercise
Walk ≥150
None
Number of stairs
None
1-9
≥10

44(44.00)

44(44.00)

01

83(83.00)
06(06.00)
07(07.00)
04(04.00)

64(64.00)
07(07.00)
14(14.00)
15(15.00)

4.86
3.21
1.87
01

(1.53—15.36)
(0.68—15.15)
(0.44—7.82)

0.00
0.14
0.38

28(28.00)
53(53.00)
17(17.00)
02(02.00)

22(22.00)
49(49.00)
23(23.00)
06(06.00)

1.72
1.46
01
0.45

(0.74---3.98)
(0.69---3.05)

0.20
0.31

(0.08—2.51)

0.36

27(27.00)

34(34.00)

0.59

(0.27---1.27)

0.18

28(28.00)

21(21.00)

01

45(45.00)

45(45.00)

0.75

01(01.00)
18(18.00)
81(81.00)

02(02.00)
27(27.00)
71(71.00)

0.75
01
1.71

(0.06---8.89)

0.82

(0.87---3.36)

0.01

27(27.00)
09(09.00)
64(64.00)

31(31.00)
04(03.00)
65(65.00)

0.88
2.28
01

(0.47---1.64)
(0.66---7.79)

0.69
0.18

(0.37---1.51)

0.00

0.27

0.40

0.42

0.24

0.32

Associated Factors: Unhealthy Food Intake
Variables

Use of the following
products during
pregnancy.
Milk
Never
Sometimes

https://ecommons.aku.edu/jam/vol8/iss2/5

Cases
(n=100)
N
%

Control
(n=100)
N %

OR

CI 95%
Lower
Upper

06(06.00)
26(26.00)

06(06.00)
23(23.00)

01
1.13

(0.30--- 3.28)
(0.57----2.21)

Wald test
(p-value)

1.00
0.72

pvalue
(Chi2
)

0.91

26

Journal of Asian Midwives (JAM), Vol. 8, Iss. 2 [2021]

Often
Mostly
Bread
Never
Sometimes
Often-Mostly

13(13.00)
55(55.00)

15(15.00)
56(56.00)

0.8
01

(0.34----1.86)

07(07.00)
34(34.00)
59(59.00)

07(07.00)
26(26.00)
67(67.00)

1.13
1.48
01

(0.30----2.82)
(0.63--- 2.30)

0.60

0.88
0.57

Vegetable
Never-some times
33(33.00) 30(30.00) 01
Often-mostly
67(67.00) 70(70.00) 1.14 (0.49---1.63)
0.64
Fruits
Never-sometimes
23(23.00) 10(10.00) 01
Often-Mostly
77(77.00) 90(90.00) 2.68 (1.20---5.99)
0.01
Eggs
Never
12(12.00) 14(14.00) 0.73 (0.30---1.78)
0.49
Sometimes
42(42.00) 36(36.00) 01
Often-Mostly
46(46.00) 50(50.00) 0.78 (0.43—1.13)
0.43
Meat
Never
07(07.00) 04(04.00) 1.53 (0.41---5.68)
0.52
Sometimes
41(41.00) 36(36.00) 01
Often-mostly
52(52.00) 60(60.00) 0.76 (0.42—1.36)
0.35
Use of butter
Yes
53(53.00) 68(68.00) 0.53 (0.29---0.94)
0.03
NO
47(47.00) 32(32.00) 01
Type of butter
None
47(47.00) 31(31.00) 01
Butter
19(19.00) 22(22.00) 0.56 (0.26---1.22)
0.14
Margarine
32(32.00) 46(46.00) 0.45 (0.24---0.86)
0.01
Both
02(02.00) 01(01.00) 1.31 (0.11—15.1)
0.82
Type of bread
White Bread
58(58.00) 82(82.00) 0.20
(0.08—0.51)
0.00
Brown Bread
24(24.00) 07(07.00) 01
Unspecified
11(11.00) 03(03.00) 1.06
(0.23---4.93)
0.93
None of them
07(07.00) 08(08.00) 0.25
(0.06---0.95)
Type of meat
Red Meat
24(24.00) 26(26.00) 1.16 (0.57---2.36)
0.68
White Meat
35(35.00) 44(44.00) 01
Red & white
38(38.00) 29(29.00) 1.64 (0.85---3.17)
0.13
None of them
03(03.00) 01(01.00) 3.77 (0.37---37.8)
0.25
Type of vegetables
Raw & cooked 98(98.00) 95(95.00) 2.57 (0.48---13.61)
0.26
Raw, cooked & boiled
02(02.00) 05(05.00)
Type of milk
Skimmed milk 17(17.00) 09(09.00) 01
Full fat milk & yogurt
70(70.00) 81(81.00) 0.45 (0.191---1.09)
0.07
Low fat milk & 09(09.00) 07(07.00) 0.68 (0.18---2.43)
0.55
yogurt
None of them
04(04.00) 03(03.00) 0.70 (0.12---3.86)
0.68
Type of egg
Boil egg
19(19.00) 12(12.00) 01
Fried Egg
46(46.00) 57(57.00) 0.50
(0.22--- 1.15)
0.10
Both
25(25.00) 18(18.00) 0.87
(0 .34--- 2.25) 0.78
None of them
10(10.00) 13(13.00) 0.48
(0 .16--- 1.45) 0.19
Type of fruits
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0.64
0.01

0.67

0.42

0.02

0.09

0.00

0.33
0.24

0.29

0.23
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Fresh Fruits
86(86.00)
Fresh and Dry Fruits
13(13.00)
None of them
01(01.00)
Fast food
Never
27(27.00)
Sometime
67(67.00)
Often-mostly
06(06.00)
Item fast food
None
27(27.00)
Burger & fries 27(27.00)
Burger, fries, & pizza
26(26.00)
Burger, fries pizza,
17(17.00)
&
fried chicken.
Burger, fries, pizza,
02(02.00)
& sandwich.
Pizza, samosa, 01(01.00)
roll, & chat.
Nausea/
vomiting
during this
pregnancy
Yes
71(71.00)
No
29(29.00)
Months when
nausea/
vomiting
experience
One to three
51(51.00)
month
Three to six
07(07.00)
month
Six to nine
04(04.00)
month
One to six
09(09.00)
month
One to nine
06(06.00)
month
None of them
23(23.00)
Started to eat
or drink
certain food
items during
this
pregnancy
Yes
27(27.00)
No
73(73.00)
Difference in the
utilization of
food products
during Pregnancy.
More
38(38.00)
Less
49(49.00)
As before
13(13.00)
Milk
As before
48(48.00)
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80(80.00)
20(20.00)
00(00.00)

1.61

(0.75---3.46)

0.21

0.21

21(21.00)
66(66.00)
13(13.00)

0.78
0.35
01

22(22.00)
32(32.00)
24(24.00)
16(16.00)

01
0.68
0.88
0.86

(0.32---1.47)
(0.40---1.94)
(0 .35-- 2.09)

0.33
0.75
0.74

04(04.00)

0.40

(0 .06--- 2.43)

0.32

02(02.00)

0.40

(0 .03--- 4.79)

0.47

75(75.00)
25(25.00)

1.26
01

(0.52---2.89)

0.46

53(53.00)

1.04

(0.52--- 2.07)

0.89

06(06.00)

1.26

(0.37--- 4.33)

0.70

02(02.00)

2.17

(0.36--- 13.01)

0.39

09(09.00)

1.08

(0.36--- 3.21)

0.88

05(05.00)

1.30

(0.35--- 4.85)

0.69

25(25.00)

01

35(35.00)
65(65.00)

0.68
01

(0.37---1.25)

0.22

0.22

53(53.00)
40(40.00)
07(07.00)

01
1.70
2.59

(0.94—3.08)
(0.94—7.1)

0.07
0.06

0.07

33(33.00)

01

01

(0.40—1.53)
(0.11---1.10)

0.48
0.07

0.18

0.84

0.44

0.96
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More
Less-stopped
completely
Bread
As before
More
Less- stopped
completely
Vegetable
As before
More
Less
Fruits
As before
More
Less-stopped
completely
Eggs
As before
More
Less-stopped
completely
Meat*
As before
More
Less-stopped
completely

40(40.00)
12(12.00)

49(49.00)
18(18.00)

0.56
0.45

(0.30---1.03)
(0.19---1.07)

0.06
0.07

0.08

57(57.00)
17(17.00)
26(26.00)

67(67.00)
18(18.00)
15(15.00)

01
1.11
2.03

(0.52---2.35)
(0.984--- 4.21)

0.78
0.05

0.28

61(61.00)
24(24.00)
15(15.00)

60(60.00)
29(29.00)
11(11.00)

01
0.36
1.34

(0.42—1.55)
(0.56---3.15)

0.53
0.50

0.57

38(38.00)
40(40.00)
22(22.00)

41(41.00)
57(57.00)
00(00.00)

01
0.75
11.8

(0.41---1.37)
(2.61---53.90)

0.36
0.00

0.00

49(49.00)
17(17.00)
34(34.00)

48(48.00)
26(26.00)
26(26.00)

01
0.64
1.28

(0.30---1.32)
(0.67—2.44)

0.23
0.45

0.22

63(63.00)
12(12.00)
25(25.00)

64(64.00)
16(16.00)
20(20.00)

01
0.76
1.22

(0.33---1.73)
(0.64---2.51)

0.51
0.49

0.56

Multicollinearity
Multicollinearity was checked between all independent predictor variables; Cramer’s V was
applied between two independent variables as all the predictor variables were categorical.
Multicollinearity was found between variables, such as type of butter and use of butter (0.9). One
variable (use of butter) was dropped from the multivariate analysis to deal with it in the
multicollinearity.

Multivariate analysis
The multivariate analysis was carried out using the backward elimination approach for model
building. Initially, the significance level for keeping the variable in the model was kept to 0.25;
the model building process was started with all possible variables. The variables, whose p values
were greater than the selected level of significance, were removed from the model one by one.
This process was repeated until the p values of the all variables were less than selected level of
significance. Afterwards the cut-off for p-value in the multivariate model was kept to not more
than 0.05, which was checked for each variable’s corresponding p-value on the Wald test. The
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criteria for the model were: as a whole it needs to be significant, along with the significance of
the individual variable, based on their p-value of the Wald test. Moreover, every time, upon
adding or removing variables, the likelihood ratio test was performed to observe whether the
model improved by adding the variable, as compared to the previous model.
Table 04 shows that those who spent less than four hours on exerting household physical
activities were 3.87 times more likely to have the risk of GDM as compared to those who spent ≥
6.0 hours per week, adjusted for other variables (Adjusted OR=3.87; CI: 1.34- 11.10).
Similarly, time spent on recreational activities was also associated with GDM. The
women who engaged less than six hours per week in recreational activities were 4.77 times more
likely to have GDM, as compared to those who engaged in ≥6.0 hours per week, adjusted for
other variables (Adjusted OR= 4.77; CI:1.37-16.55). The findings related to reducing or
completely stopping the use of fruits during pregnancy, and night the time sleep duration, were
statistically related to GDM but, due to unusual results, these will be explained in the discussion
with literature support.

Table 04: Multivariate Logistic Regression Model for Modifiable Associated Factors of
GDM (p-value χ²= 0.000).
Variable
Time spent in
exertion household
activities (hr/wk)
None-3.9
4.0-5.9
≥6.0
Time spent in
recreational
physical
activity(hr/wk)
None-1.9
2.0-5.9
≥6.0
Difference in the
utilization of fruits
during pregnancy
As before
More
Less-stopped
completely
Night time sleep
duration
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OR

95% CI
Upper & lower limit

Wald test
(Pvalue)

3.87
0.52
01

(1.34---11.10)
(0.25---1.07)

0.01
0.07

1.90
4.77
01

(0.61---5.84)
(1.37---16.55)

0.26
0.01

(0.41---1.54)
(3.29---78.85)

0.51
0.001

01
0.80
16.11
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>7 hours
>6-7 hour
5-6 hour
<5 hour

01
4.30
1.78
2.17

(1.40---13.23)
(0.68---4.64)
(0.77---6.12)

0.01
0.23
0.14

Discussion
Non-modifiable Associated Factors of GDM
In this study, maternal age, past history of GDM, and family history of diabetes were identified
as non-modifiable associated factors of GDM.
Maternal age
The present study revealed that, increased maternal age (i.e., 34-37) years was significantly
associated with GDM, which is similar to the studies carried out in the United Kingdom, China,
Saudi Arabia, and Asia (25,26, 27). This relationship can be explained as age is associated with
GDM; advanced maternal age is related to the decreasing function of pancreatic beta cells,
insulin sensitivity, and increasing insulin resistance (28). The reasons for the increase in maternal
age, in South Asia, could be related to delays in pregnancy because of social, educational, and
economic reasons (29).
Past history of GDM
In this study, past history of GDM was found to be associated with GDM in a current pregnancy,
as supported by a study conducted in Iran (12). Moreover a study conducted in Peshawar,
Pakistan, reported that most of the women with GDM had a past history of GDM, as compared
to the non-GDM women (30), which aligns with the current study findings, where most of the
cases (48%) had a past history of GDM.

Family History of Diabetes
Consistent with other studies, the present study illustrated that family history of diabetes was
significantly associated with GDM (31). In this study, family history of diabetes was more
prevalent among cases, which is in concordance with a study conducted in Iran (12). The impact
of family history on GDM could be due to inherited and lifestyle risk elements, such as socio-
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economic condition, and educational status (32), while the potential effect on GDM may depend
on the presence of a set of other risk factors.
Modifiable Risk Factors of GDM
The results revealed that less household physical activity, difference in the uptake of fruits
during pregnancy, less recreational physical activity (walking) and varied sleep duration were
modifiable associated factors of GDM.
Less household physical activity
The current study revealed that participants, who spent less time on extraneous household
physical activities, were more prone to have GDM. This study further demonstrated that less than
four hours per week engagement in household activities was associated with GDM. This is
consistent with the findings of other study. Household chores account for a major portion of the
physical activity for women. However, intensity level of household chores determine the health
benefits (33). In the Pakistani context, most women perform routine household chores, whereas,
they spend less time in major household physical activities, such as major cleaning or
shampooing of carpets, washing windows or walls etc. Also, a change in behavior may be due to
the myths of taking more rest at the commencement of pregnancy and avoiding physical activity
(34).

Less recreational physical activity (walking)
In the current study, participants who performed less recreational physical activity, like walking
were more likely to have GDM. The study illustrated that less than six hours per week of
recreational physical activity (walking) was significantly associated with GDM (35). This point
is further supported by the present study, as only 06% of the cases spent more than six hours, and
65% of the cases spent less than two hours on recreational activities (walking). This may be due
to an increase in house hold responsibilities, such as taking care of children and home cleaning,
leaving limited time for recreational activity. In Pakistan, due to the cultural influences, women
take the overall household responsibilities. Another study carried out in Pakistan showed that
GDM developed in those participants who did not indulge in proper walking for 30-45 minutes
per day, although they are doing their routine household chores (34).
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Difference in the uptake of fruits during pregnancy
The results of the current study revealed that those participants who reduced or stopped the use
of fruits during pregnancy were likely to have GDM, which is in line with the study conducted in
the USA (36). The biological plausibility of this relationship is not fully explained, since the
association of less amount of fruit intake during pregnancy with GDM is not well explored in the
literature. The study revealed that pre-pregnancy fruit intake was inversely related to GDM, as its
fiber contents helped in decreasing GDM (37,22). However, in the current study, the type of
fruits and its fiber contents were not explored. Hence, no inference could be made. It is essential
to carry out future prospective studies to elucidate and affirm the association of fruit intake with
GDM.
Conversely, a study that was carried out in the West China Second Hospital of Sichuan
University showed that higher intake of fruits was associated with the risk of GDM, as in this
study a daily intake of 500 grams of fruits showed higher risks of GDM in the participants (38).
The difference in this pattern and previous mentioned studies could be due to the access,
preference, amount, type, and contents of fruit intake.

Varied level of sleep duration
Self-reported sleep duration of ≤ seven hours was associated with the risk of GDM (39). Another
study showed that < five hours of sleep duration was related to GDM, whereas in the current
study six to seven hours of night time sleep duration was significantly related to GDM (13). This
variation in the findings could be because of self-reported sleep duration and different definitions
of short sleep duration. The self-reported measurement of sleep duration is practical, but, it does
not assess the precise relationship. It may be possible that the self-reported ways of measurement
overestimate the sleep duration, as compared to the objective measurement of sleep (40). The
definition of short sleep duration was mentioned to be < 7 hours (41).
Future studies are needed to objectively measure the impact of sleep duration and
disturbance on GDM. Moreover, according to the researcher’s knowledge, there is no
recommended guideline related to the sleep duration of GDM patients because of the
inconclusive nature of the studies.
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Strengths and Limitations of the Study
This is possibly the first case-control study at the secondary hospitals, Karachi, Pakistan to assess
the modifiable factors of GDM among pregnant women (30-49 years). This design was
preferred, as it assesses the association of multiple exposures with outcomes at one time.
In the case-control study design, the possibility of selection bias and recall bias was
overcome by taking all the possible cases and controls during the study duration and by
gathering the data related to the current pregnancy lifestyle habits. Moreover, cases were
confirmed by their documented value of OGTT, which is a valid test to diagnose GDM. The
controls were selected at 32 weeks of gestation in order to reduce in chance of getting the disease
in the future.
On the other hand, in a case-control study design, temporality is an inherent bias, which
could affect the findings of the study; as in the multivariate model of the current study, some
findings were unusual. The tool was newly developed and Cronbach’s alpha value was in the less
than the acceptable range, and not tested before in Pakistani context. As a result, further studies
are needed to be tested in the Pakistani context. In the future a quantitative study is
recommended, which needs to add more modifiable factors of GDM. Also, further validation of
the current tool is also needed. Furthermore, there is a possibility of over- or under-reporting, as
a self-reported questionnaire was used in the study.

Conclusion and Implication for Practice
Unlike the non-modifiable factors of GDM, diet, physical activity, and sleep are the potential
modifiable factors of GDM. If future researches elicit the impact of these modifiable factors on
GDM, maternity care provider can be trained to screen for the non-modifiable factors by adding
a few questions in their routine history taking. Also, there is a need to involve active family
members in the antenatal routine visits so that pregnant women can adopt a healthy lifestyle and
follow-up visits to maintain a healthy pregnancy.There should be general awareness programs on
healthy lifestyle through the media and community based sessions can be arranged by the lady
health visitors which can play an important role in its prevention.

https://ecommons.aku.edu/jam/vol8/iss2/5

34

Journal of Asian Midwives (JAM), Vol. 8, Iss. 2 [2021]

Acknowledgment
We would like to acknowledge experts and reviewers,that guided us through out the research
and helped us to improve this paper.

Conflict of Interest Statement
The authors have no conflicts of interest to declare.

Funding Sources
None

Refrences
1. World Health Organization. Diabetes. 2016. Available from:
http://www.who.int/topics/diabetes_mellitus/en/.
2. Langer O. The Diabetes in Pregnancy Dilemma: Leading Change with Proven Solutions. 2nd
ed. USA; 2015.
3. International diabetes federation. International diabetes federation Model of care [Internet].
2015. Available from: http://www.idf.org/sites/default/files/attachments/GDM-model4. Dekker R. Diagnosing Gestational Diabetes: The NIH consensus Conference day 1
[Internet]. Evidencebasedbirth.com. 2013 [cited 2021 Jul 20]. Available from:
http://evidencebasedbirth.com/diagnosing-gestational-diabetes-the-nih-consensus-conferenceday-1(9)
5. Kanguru L, Bezawada N, Hussein J, Bell J. The burden of diabetes mellitus during pregnancy
in low- and middle-income countries: a systematic review. Glob Health Action.
2014;7(1):23987.
6. World Health Organization. Physical inactivity and diabetes [Internet]. Euro.who.int.
2015[cited 23 November 2021]. Available from: https://www.euro.who.int/en/healthtopics/disease-prevention/nutrition/news/news/2015/11/physical-inactivity-and-diabetes(31)
7. Ramachandran A, Snehalatha C, Shetty AS, Nanditha A. Trends in prevalence of diabetes in
asian countries. World J Diabetes. 2012;3(6):110–7.
8. World Health Organization. Diabetes. 2015. Available from:
http://www.who.int/mediacentre/factsheets/fs312/en/.

Published by eCommons@AKU, 2021

35

Journal of Asian Midwives (JAM), Vol. 8, Iss. 2 [2021]

9. Zhang C, Tobias DK, Chavarro JE, Bao W, Wang D, Ley SH, et al. Adherence to healthy
lifestyle and risk of gestational diabetes mellitus: prospective cohort study. BMJ.
2014;349(sep30 1):5450.
10. Hashim M, Radwan H, Hasan H, Obaid R, Al Ghazal H, Al Hilali M et al. Gestational
weight gain and gestational diabetes among Emirati and Arab women in the United Arab
Emirates: results from the MISC cohort. BMC Pregnancy and Childbirth. 2019;19(1):6-11.
11. Lindqvist M, Lindkvist M, Eurenius E, Persson M, Ivarsson A, Mogren I. Leisure time
physical activity among pregnant women and its associations with maternal characteristics and
pregnancy outcomes. Sexual & Reproductive Healthcare. 2016;9:14-20.
12. Soheilykhah, S., Mogibian, M., Rahimi-Saghand, S., Rashidi, M., Soheilykhah, S., &Piroz,
M. Incidence of gestational diabetes mellitus in pregnant women. International Journal of
Reproductive BioMedicine. 2010;8(1):24-28.
13. Myoga M, Tsuji M, Tanaka R, Shibata E, Askew D, Aiko Y et al. Impact of sleep duration
during pregnancy on the risk of gestational diabetes in the Japan environmental and Children’s
study (JECS). BMC Pregnancy and Childbirth. 2019;19(1):3-7.
14. International diabetes federation.Guidelines. 2014.Available from: https://www.idf.org/elibrary/guidelines/84-pregnancy-and-diabetes.html
15. Polit, D. F., & Beck, C. T. (2013). Essential of nursing research: Appraising
Evidence for Nursing Practice (8th ed.). Philadelphia: Wolters Kluwer
Health/ Lippincott Williams & Wilkins.
16. How to calculate Sample Size with Epi Info 7: Cross-Sectional studies
[Internet]. communitymedicine4all. 2021 [cited 28 November 2021]. Available
from: https://communitymedicine4all.com/2018/06/23/how-to-calculatesample-size-with-epi-info-7/
17. Vasudevan, Dr. Senthilvel. (2014). Re: What is the rationale for 1:2 ratio in case control
studies?. Retrieved from: https://www.researchgate.net/post/What-is-the-Rationale-for-12-ratioin-Case-Control-studies/54991390d039b18f438b45e7/citation/download.
18. American Diabetes Association. Diagnosis and classification of diabetes mellitus.. Diabetes
Care. 2014;37(Suppl 1):S81–90.
19.Buysse D. Sleep Health: Can We Define It? Does It Matter?. Sleep. 2014;37(1):9-17.

https://ecommons.aku.edu/jam/vol8/iss2/5

36

Journal of Asian Midwives (JAM), Vol. 8, Iss. 2 [2021]

20. Polit D, Beck C. Essentials of nursing research. 7th ed. philadelphia: Lippincott Williams &
Wilkins; 2012.
21. World Health Organization.(2011). Unhealthy diet and Physical
inactivity.Retrieved https://www.who.int/news-room/factsheets/detail/healthy-diet
22. Zhang X, Gong Y, Della Corte K, Yu D, Xue H, Shan S et al. Relevance of dietary
glycemic index, glycemic load and fiber intake before and during pregnancy for the risk of
gestational diabetes mellitus and maternal glucose homeostasis. Clinical Nutrition.
2021;40(5):2791-2799.
23. Koutoukidis, G., Stainton, K., Hughson, J., &Tabbner, A. R. (2013).
Tabbner's nursing care: Theory and practice (6th ed.). Chatswood, N.S.W:
Churchill Livingstone.
24. Backhaus J, Junghanns K, Broocks A, Riemann D, Hohagen F. Test-retest reliability and
validity of the Pittsburgh Sleep Quality Index in primary insomnia. J Psychosom Res.
2002;53(3):737–40.
25. Al-Rowaily MA, Abolfotouh MA. Predictors of gestational diabetes mellitus in a high-parity
community in Saudi Arabia. East Mediterr Health J. 2010;16(6):636–41.
26. 3. Li G, Wei T, Ni W, Zhang A, Zhang J, Xing Y et al. Incidence and Risk Factors of
Gestational Diabetes Mellitus: A Prospective Cohort Study in Qingdao, China. Frontiers in
Endocrinology. 2020;11:2.
27. Lee K, Ching S, Ramachandran V, Yee A, Hoo F, Chia Y et al. Prevalence and risk factors
of gestational diabetes mellitus in Asia: a systematic review and meta-analysis. BMC Pregnancy
and Childbirth. 2018;18(1):2.
28. Plows J, Stanley J, Baker P, Reynolds C, Vickers M. The pathophysiology of gestational
diabetes mellitus. International Journal of Molecular Sciences. 2018;19(11):3342.
29. Shaikh F, Wagan F, Jillani K, Memon K. Pregnancy outcome at maternal age 40 and older.
JLUMHS. 2012;11(03):139.
30. Bibi S, Saleem U, Mahsood N. The frequency of gestational diabetes mellitus and associated
risk factors at Khyber teaching hospital Peshawar. Journal of Postgraduate Medical Institute
(Peshawar- Pakistan. 2015;29(1):2610.

Published by eCommons@AKU, 2021

37

Journal of Asian Midwives (JAM), Vol. 8, Iss. 2 [2021]

31. Moosazadeh M, Asemi Z, Lankarani K, Tabrizi R, Maharlouei N, Naghibzadeh-Tahami A
et al. Family history of diabetes and the risk of gestational diabetes mellitus in Iran: A
systematic review and meta-analysis. Diabetes & Metabolic Syndrome: Clinical Research &
Reviews. 2017;11:S99-S104.
32. Schwartz N, Nachum Z, Green MS. The prevalence of gestational diabetes mellitus
recurrence—effect of ethnicity and parity: a metaanalysis. American Journal of Obstetrics and
Gynecology. 2015;213(3):310–317.
33. Mishra S, Kishore S. Erratum: Effect of physical activity during pregnancy on gestational
diabetes mellitus. Indian Journal of Endocrinology and Metabolism. 2018;22(6):866.
34. Qazi WA, Waqar S. Association of physical activity with GD (Gestational Diabetes
Mellitus. Journal of Riphah College of Rehabilitaion Sciences. 2014;2(2):42–45.
35. Oken E, Ning Y, Rifas-Shiman SL, Radesky JS, Rich-Edwards JW, Gillman MW.
Associations of physical activity and inactivity before and during pregnancy with glucose
tolerance. Obstet Gynecol. 2006;108(5):1200–7.
36. Shin D, Lee KW, Song WO. Dietary patterns during pregnancy are associated with risk of
gestational diabetes mellitus. Nutrients. 2015;7(11):9369–82.
37. He J-R, Yuan M-Y, Chen N-N, Lu J-H, Hu C-Y, Mai W-B, et al. Maternal dietary patterns
and gestational diabetes mellitus: a large prospective cohort study in China. Br J Nutr.
2015;113(8):1292–300.
38. Zhou S, Wang M, Zhang L. Risk factors for gestational diabetes mellitus in the population
of Western China. Epidemiology: Open Access; 2015:4.
39. Facco, F. L., Grobman, W. A., Kramer, J., Ho, K. H., & Zee, P. C. (2010). Self-reported
short sleep duration and frequent snoring in pregnancy: impact on glucose metabolism. American
Journal of Obstetrican and Gynecologist, 203 (142), 1-5.
40. Cai S, Tan S, Gluckman P, Godfrey K, Saw S, Teoh O et al. Sleep quality and nocturnal
sleep duration in Pregnancy and risk of gestational diabetes mellitus. Sleep. 2016;40(2):6.
41. Twedt R, Bradley M, Deiseroth D, Althouse A, Facco F. Sleep duration and blood glucose
control in women with gestational diabetes mellitus. Obstetrics & Gynecology.
2015;126(2):326-331.
MScN, BScN, RN, RM, The Aga Khan University School of Nursing and Midwifery. E-mail:
sumaira_feroz@hotmail.com; Cell # +971502527531,

https://ecommons.aku.edu/jam/vol8/iss2/5

38

Journal of Asian Midwives (JAM), Vol. 8, Iss. 2 [2021]

2

PHD, MSc, BSc, RN, RM, The Aga Khan University School of Nursing and Midwifery. Email:
tazeen.ali@aku.edu,
3
MScN, RN, RM, The Aga Khan University School of Nursing and Midwifery, Email: arusa.lakhani@aku.edu
4
Senior Instructor at the department of Obstetrics and Gynecology, The Aga Khan Secondary Hospital for Women’s
and Children. Email: zaib.nadeem@aku.edu
*Corresponding Author

Published by eCommons@AKU, 2021

39

